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© Lithographic device with a suspended object table. 



© A lithographic device with a lithographic irradia- 
tion system (1, 13) which is fastened near a lower 
side to a mounting member (5) of a frame (7). The 
device is provided with a unit (65) which is formed 
by a positioning device (37), with which an object 
table (21) arranged below the irradiation system 
f« (1,13) is displaceable, and by a support member 
^ (35), over which the object table (21) is guided by 
£Q means of an aerostatic foot (31). In an operational 
0> position, the unit (65) is coupled to a carrier (67) by 
means of coupling members (73), the carrier (67) 
qq being suspended from the mounting member (5) by 
C> means of suspension elements (79, 81. 83), so that 
^t" the unit (65) is arranged between lower frame sup- 

O 
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ports (25) of the frame (7) and a compact construc- 
tion is obtained. 

The unit (65) can be rotated from the operational 
position to an end position, in which the unit (65) is 
entirely outside the frame (7) and is easily acces- 
sible for maintenance, by means of a rotation 
mechanism (87) and a swivel mechanism (89). 

The lithographic device can be used inter alia 
for irradiating semiconductor substrates, a semicon- 
ductor pattern provided on a mask (11) being im- 
aged on a semiconductor substrate (19) provided on 
the object table (21) by means of the irradiation 
system (1. 13). 
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The invention relates to a lithographic device 
comprising a lithographic irradiation syst m which 
has a vertical main axis parallel to a z-direction and 
is fastened near a lower side to a mounting mem- 
ber belonging to a frame of the device, and com- 
prising a positioning device which is arranged be- 
low the irradiation system and by means of which 
an object table is displaceable relative to the irra- 
diation system over a guide surface of a support 
member coupled to the positioning device, which 
guide surface extends perpendicular to the z-direc- 
tion. 

A lithographic device of the kind described in 
the opening paragraph is used for carrying out a 
lithographic process on a substrate positioned on 
the object table, such as, for example, an optical 
lithographic process in which the irradiation system 
is provided with a lens system and a light source 
(for example, a UV-light source), an X-ray lithog- 
raphic process in which the irradiation system is 
provided with an X-ray source, or an electrolithog- 
raphic process in which the irradiation system is 
provided with an electron tube. US Patent 
4,737,823 discloses an optical lithographic device 
of the kind mentioned in the opening paragraph in 
which the irradiation system is provided with a lens 
system which is fastened to the mounting member 
near a lower side. In this known lithographic device, 
the support member is a rectangular granite slab 
which forms part of the frame of the device. Four 
columns of the frame extending parallel to the z- 
direction are fastened on the guide surface formed 
by an upper side of the support member, to which 
columns the mounting member, which is construct- 
ed as a plate extending in a direction transverse to 
the main axis, with the lens system is fastened at 
some distance above the support member. At a 
lower side, the support member is provided with 
lower frame supports, each provided with a spring 
member and a damping member. 

A frame construction as described above re- 
sults in a comparatively great constructional height 
of the device in the z-direction. The constructional 
height of the known lithographic device is deter- 
mined inter alia by the height of the lens system, 
the height of the positioning device and the support 
member, and the height of the lower frame sup- 
ports. Such a constructional height is disadvanta- 
geous, especially in an application of the device in 
a conditioned production room for. for example, 
integrated circuits. 

It is an object of the invention to provide a 
lithographic device of which the constructional 
height is comparatively small. 

The invention is for that purpose characterized 
in that the positioning device and the support 
member are positioned as a unit on a carrier which 
is suspended from the mounting member. The use 



of a carrier suspended from the mounting member 
renders a construction of the frame possible in 
which the mounting member is fastened on the 
lower frame supports and in which the positioning 

5 device and the support member are arranged be- 
tween the lower frame supports, so that a compact 
construction is obtained seen in the z-direction. 

It is noted that Japanese Patent Application 61- 
41426 discloses an optical lithographic device with 

io a suspended object table. The object table in that 
case, however, is displaceable together with the 
suspension construction relative to the lens system. 

A special embodiment of the lithographic de- 
vice according to the invention is characterized in 

75 that the support member is coupled to the carrier 
by means of a first elastic coupling member and a 
first damping member, while the positioning device 
is fastened to the support member by means of a 
second elastic coupling member and a second 

20 damping member. The use of the said coupling 
members and damping members and an optimiz- 
ation of the mass of the support member in relation 
to the mass of the positioning device and the mass 
of the frame provides an optimized mechanical 

25 screening of the positioning device from external 
vibrations such as, for example, mechanical reso- 
nance vibrations of the frame of the device. 

A further embodiment of the lithographic de- 
vice according to the invention, which provides a 

30 particularly rigid and light suspension of the carrier 
from the mounting member seen in the direction of 
the main axis, is characterized in that the carrier of 
the support member and of the positioning device 
is suspended from the mounting member by 

35 means of plate-shaped suspension elements, each 
of the said suspension elements extending in a 
vertical plane which is parallel to the main axis. 

A still further embodiment of the lithographic 
device according to the invention, which provides a 

40 particularly rigid, light and compact suspension of 
the carrier from the mounting member seen in a 
direction transverse to the main axis and a com- 
pact construction of the frame, is characterized in 
that the carrier is suspended from the mounting 

45 member by means of three plate-shaped suspen- 
sion elements, the mounting member being fas- 
tened on a base of the frame by means of three 
lower frame supports, while the suspension ele- 
ments are arranged in a triangle and the said 

so vertical planes enclose mutual angles of substan- 
tially 60 * , each of the lower frame supports being 
positioned near an external side of one of the 
susp nston el ments seen in a radial direction rela- 
tive to the main axis. 

55 A special embodiment of the lithographic de- 

vice according to the invention is characterized in 
that the unit formed by the support member and 
the positioning device is displaceable in a direction 
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transverse to the main axis relative to the carrier 
and the mounting member. The positioning device 
with the object table is readily accessible to an 
operator of the lithographic device for, for example, 
maintenance or repairs, in that the said unit is 
displaced relative to the carrier and the mounting 
member. 

A further embodiment of the lithographic de- 
vice according to the invention, in which the said 
unit is displaceable by means of a simple construc- 
tion, is characterized in that the unit formed by the 
support member and the positioning device is ro- 
tatable relative to the carrier and the mounting 
member about an axis of rotation which is directed 
substantially parallel to the main axis. 

A yet further embodiment of the lithographic 
device according to the invention is characterized 
in that the unit is rotatable by a first rotation move- 
ment from an operational position, in which the 
support member is coupled to the carrier, to a first 
intermediate position, is rotatable by a second rota- 
tion movement from the first intermediate position 
to a second intermediate position, and is rotatable 
by a third rotation movement from the second 
intermediate position to an end position in which 
the unit is entirely outside the frame. Since the unit 
is rotatable relative to the frame by the three said 
rotation movements, the unit can be brought out- 
side the frame in a practical and effective way, 
particularly when the frame is provided with lower 
frame supports and suspension elements posi- 
tioned in a triangle. The positioning device is there- 
by accessible for minor cleaning operations in the 
second intermediate position of the unit, while the 
unit is readily accessible for repairs in the said end 
position. 

A special embodiment of the lithographic de- 
vice according to the invention, in which the unit is 
rotatable relative to the carrier substantially without 
friction, is characterized in that during the first 
rotation movement of the unit the support member 
is coupled to a rotation shaft connected to the 
frame and is guided over an upper surface of the 
carrier by means of a static fluid bearing. 

A further embodiment of the lithographic de- 
vice according to the invention is characterized in 
that in the first intermediate position of the unit the 
support member is couplable to a second rotation 
arm which is rotatably supported on a first rotation 
arm rotatably mounted to the frame, the second 
rotation arm being locked relative to the first rota- 
tion arm and the first rotation arm being locked 
relative to the frame during the first rotation move- 
ment of the unit in that th second rotation move- 
ment of the unit is formed by a rotation movement 
of the second rotation arm relative to the first 
rotation arm, during which the support member is 
coupled to the second rotation arm and the first 



rotation arm is locked relative to the frame, in that 
the second rotation arm can be locked relative to 
the first rotation arm in the second intermediate 
position of the unit, and in that the third rotation 

5 movement of the unit is formed by a rotation move- 
ment of the first rotation arm relative to the frame, 
during which the support member is coupled to the 
second rotation arm and the second rotation arm is 
locked relative to the first rotation arm. The use of 

io the two rotation arms means that the unit can be 
rotated to outside the frame by hand in a quick and 
simple way. 

The invention is explained in more detail below 
with reference to the drawing, in which 

75 Fig. 1 is a perspective view of an optical lithog- 
raphic device according to the invention, 
Fig. 2 shows a unit constituted by a positioning 
device and a support member of the optical 
lithographic device of Fig. 1 , 

20 Fig. 3a diagrammatically shows a cross-section 
of the optical lithographic device of Fig. 1 in 
which the unit of Fig. 2 is in an operational 
position, 

Fig. 3b diagrammatically shows a cross-section 
25 of the optical lithographic device of Fig. 1 in 
which the unit of Fig. 2 is in a first intermediate 
position, 

Fig. 3c diagrammatically shows a cross-section 
of the optical lithographic device of Fig. 1 in 
30 which the unit of Fig. 2 is in a second intermedi- 
ate position, 

Fig. 3d diagrammatically shows a cross-section 
of the optical lithographic device of Fig. 1 in 
which the unit of Fig. 2 is in an end position, 
35 Fig. 4a shows a cross-section of a coupling 
base of the support member taken on the line 
IVa-IVa in Fig. 3d, 

Fig. 4b shows a cross-section of a pneumatic 
coupling member of the carrier taken on the line 

40 IVb-IVb in Fig. 3d, 

Fig. 5a is a plan view of a pneumatic rotation 
mechanism by which the unit of Fig. 2 is rotat- 
able from the operational position shown in Fig. 
3a to the first intermediate position shown in Fig. 

45 3b, 

Fig. 5b shows a cross-section of the rotation 
mechanism taken on the line Vb-Vb in Fig. 5a, 
Fig. 5c shows a cross-section of the rotation 
mechanism taken on the line Vc-Vc in Fig. 5a, 

so Fig. 6 is a side elevation of a swivel mechanism 
of the optical lithographic device of Fig. 1 , 
Fig. 7 is a side elevation of an end of a rotation 
arm of the swivel mechanism of Fig. 6, 
Fig. 8 is a plan view of the swivel mechanism of 

55 Fig. 6, 

Fig. 9a shows a cross-section of the end of the 
rotation arm taken on the line IXa-IXa in Fig. 7, 
Fig. 9b shows a cross-section of the end of the 
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rotation arm taken on the line IXb-IXb in Fig. 7, 
and 

Fig. 9c shows a cross-section of the end of tfie 
rotation arm taken on the line IXc-IXc in Fig. 7. 
The optical lithographic device illustrated in 
Figs. 1 to 9 is provided with an optical irradiation 
system 1, shown merely diagrammatically in Fig. 1, 
which comprises a lens system 2 arranged in a 
vertical z-direction. The lens system 2 has an op- 
tical main axis 3 extending in a direction parallel to 
the z-direction and is provided with a mounting ring 
4 near a lower side. By means of the mounting ring 
4, the lens system 2 is mounted to a mounting 
member 5 which forms part of a frame 7 of the 
device and which is constructed as a triangular 
plate extending in a plane perpendicular to the 
optical main axis 3. Near an upper side of the lens 
system 2, the optical lithographic device is pro- 
vided with a mask manipulator 9 for positioning and 
supporting a mask 1 1 relative to the lens system 2. 
During operation, a light beam coming from a light 
source 13 of the irradiation system 1 is guided via 
mirrors 15 and 17 of the irradiation system 1 
through the mask 1 1 which contains, for example, a 
pattern of an integrated semiconductor circuit and 
focused by the lens system 2 on a substrate such 
as, for example, a semiconductor substrate 19 pro- 
vided on an object table 21. In this way the said 
pattern is imaged on a reduced scale on the semi- 
conductor substrate 19. The object table 21 is 
displaceable parallel to an x-direction which is per- 
pendicular to the optical main axis 3, and parallel to 
a y-direction which is perpendicular to the optical 
main axis 3 and to the x-direction. The semicon- 
ductor substrate 19 can be illuminated in a large 
number of locations corresponding to identical in- 
tegrated circuits by means of a stepwise displace- 
ment of the object table 21 parallel to the x- 
direction and the y-direction to different illumination 
positions. It is noted that the centre of gravity of 
the lens system 2 is situated near a central plane 
of the mounting ring 4 extending transverse to the 
z-direction, so that a stable support of the lens 
system 2 relative to the frame 7 is provided by the 
mounting ring 4. 

The mounting member 5 is provided with three 
corner portions 23 which each rest on a lower 
frame support 25. Only two comer portions 23 and 
two lower frame supports 25 are visible in Fig. 1. 
The lower frame supports 25 are positioned on a 
base portion 27 of the frame 7 which is placed on a 
flat foundation by means of adjustment members 
29. By means of the lower frame supports 25, 
which are each provided with a spring member and 
a damping member of a kind known per se and 
not shown in any detail in Rg. 1, the optical lithog- 
raphic device is low-frequency (3 Hz) spring-sup- 
ported on the foundation in a direction parallel to 



the z-direction and in a direction transverse to the 
z-direction. In this way it is prevented that vibra- 
tions of the foundation, which adversely affect an 
accurate operation of the optical lithographic de- 
5 vice, are transmitted through the lower frame sup- 
ports 25 to the mounting member 5 and to the lens 
system 2. 

As is shown in detail in Rg. 2, the object table 
21 is guided over an upper surface 33 of a support 

w member 35 in the form of a granite slab extending 
perpendicular to the optical main axis 3 by means 
of a so-called aerostatic foot 31 , which is provided 
with a static gas bearing. The object table 21 is 
displaceable over the upper surface 33 by means 

75 of a positioning device 37 which comprises three 
linear electric motors-39, 41 and 43. As is shown in 
Fig. 2. the linear motor 39 comprises an x-stator 45 
extending parallel to the x-direction and an x-tran- 
slator 47 fastened to the object table 21 by which 

20 the object table 21 is displaceable along the x- 
stator 45 parallel to the x-direction. The linear mo- 
tors 41 and 43 respectively comprise a y-stator 49 
extending parallel to the y-direction with a y-tran- 
slator 53 fastened to a first end 51 of the x-stator 

25 45, and a y-stator 55 extending parallel to the y- 
direction with a y-translator 59 fastened to a sec- 
ond end 57 of the x-stator 45. The y-stators 49 and 
55 are fastened to a window frame 61 of the 
positioning device 37,. which frame is fastened near 

30 its corners on the upper surface 33 of the support 
member 35. As Fig. 2 shows, rubber plates 63 are 
provided there between the frame 61 and the up- 
per surface 33 of the support member 35. The use 
of the rubber plates 63 prevents high-frequency 

35 vibrations, such as, for example, natural vibrations 
of the frame 7, from being transmitted to the object 
table 21 via the support member 35 and the frame 
61 . The object table 21 is' displaceable by means 
of the linear motors 41 and 43 parallel to the y- 

40 direction and rotatable through a very limited angle 
about an axis of rotation which is parallel to the 
optical main axis 3. It is noted that the aerostatic 
foot 31 and the positioning device 37 with the 
linear motors 39, 41 and 43 positioned in an H- 

45 arrangement relative to one another are known per 
se from US Patent 4,737,823. 

As is shown in Rgs. 1 and 2, the support 
member 35 and the positioning device 37 con- 
stitute a unit 65 which is provided on a carrier 67 of 

so the frame 7. Rgs. 3a to 3d show that the carrier 67 
is formed by a substantially triangular plate extend- 
ing perpendicular to the optical main axis 3 and 
having major sides 69 which each extend between 
two lower frame supports 25. An upper side 71 of 

55 the carrier 67 is provided with three pneumatic 
coupling members 73 depicted only diagrammati- 
cally in Rgs. 3a to 3d, which in an operational 
position of the unit 65 shown in Rg. 3a are in 
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engagement with three coupling bases 77 of the 
support member 35 provided at a lower side 75 of 
the support member 35. The coupling members 73 
of the carrier 67 and the coupling bases 77 of the 
support member 35 are described in more detail 
below. The carrier 67 is suspended from a lower 
side 85 of the mounting member 5 indicated in Fig. 
1 by means of three plate-shaped suspension ele- 
ments 79, 81 and 83. In Fig. 1, only the suspension 
elements 79 and 81 are partly visible, while in Figs. 
3a to 3d the suspension elements 79, 81 and 83 
are shown in cross-section. The suspension ele- 
ments 79. 81 and 83 are each formed by a plate 
which extends in a vertical plane parallel to the 
optical main axis 3. the relevant vertical planes 
enclosing angles of substantially 60* with one an- 
other. The use of the suspension elements 79. 81 
and 83 provides a suspended construction of the 
carrier 67 with the mounting member 5. the unit 65 
formed by the support member 35 and the posi- 
tioning device 37 being arranged between the low- 
r frame supports 25. In this way a compact con- 
struction of the optical lithographic device is ob- 
tained seen both in the z-direction and transverse 
to the z-direction. Furthermore, the said suspended 
construction has a high rigidity in the direction of 
the optical main axis 3 and in a direction per- 
pendicular to the optical main axis 3 through the 
use of the suspension elements 79. 81 and 83. 
Moreover, the use of the suspended construction 
achieves that the centre of gravity of the displace- 
able parts of the positioning device 37 is situated 
near a central plane of the lower frame supports 25 
which extends transverse to the z-direction. The 
spring members and damping members of the 
lower frame supports 25 referred to earlier are 
present in the said central plane. This limits un- 
desirable movements of the frame 7 on the lower 
frame supports 25 caused by reactional forces 
exerted by the moving parts of the positioning 
device 37 on the frame 7 via the support member 
35. 

It is achieved through the compact construction 
of the optical lithographic device in the z-direction 
that an admissible constructional height of the de- 
vice is not exceded. The admissible constructional 
height is determined by an available height in an 
operational room for the device, such as, for exam- 
ple, a conditioned production room for integrated 
circuits. The compact construction of the device 
also has the result, however, that the positioning 
device 37 with the object table 21 in the oper- 
ational position shown in Fig. 3a is less easily 
accessible to an operator of the device for. for 
example, maintenance or repairs. To render the 
positioning device 37 better accessible for main- 
tainance, the device is provided with a pneumatic 
rotation mechanism 87 which is fastened to the 



carrier 67 and which is shown merely diagrammati- 
cally in Figs. 3a-3d. and with a swivel mechanism 
89 which is fastened to the base portion 27 of the 
frame 7. By means of the pneumatic rotation 

5 mechanism 87, the unit 65 is rotatable relative to 
the carrier 67 about a rotation pin 91 of the carrier 
67 which is directed parallel to the optical main 
axis 3 from the operational position shown in Fig. 
3a to a first intermediate position shown in Fig. 3b. 

to The positioning device 37 is accessible for. for 
example, minor cleaning work in the first intermedi- 
ate position. The swivel mechanism 89 is provided 
with a first rotation arm 93. which is rotatable 
relative to the frame 7 about a first hinge pin 95 of 

75 the base portion 27 directed parallel to the optical 
main axis 3. and with a second rotation arm 97 
which is rotatable relative to the first rotation arm 
93 about a second hinge pin 99 of the first rotation 
arm 93 directed parallel to the optical main axis 3. 

20 By means of the swivel mechanism 89, the unit 65 
is rotatable from the first intermediate position de- 
picted in Fig. 3b to a second intermediate position 
depicted in Fig. 3c by a rotation of the second 
rotation arm 97 relative to the first rotation arm 93. 

25 The unit 65 is rotatable from the second intermedi- 
ate position to an end position depicted in Fig. 3d 
by a rotation of the first rotation arm 93 relative to 
the frame 7. In the end position shown in Fig. 3d 
the unit 65 is entirely outside the frame 7, and the 

30 positioning device is easily accessible for main- 
tenance or repairs. The pneumatic rotation mecha- 
nism 87 and the swivel mechanism 89 are de- 
scribed in detail below: 

As was described above, the support member 

35 35 is coupled to the carrier 67 by means of the 
pneumatic coupling members 73 and the coupling 
bases 77 in the operational position depicted in 
Fig. 3a. As Figs. 3d and 4a show, each coupling 
base 77 is provided with a C-shaped clamping 

40 plate 101 having legs 103 which is screwed to a 
disc-shaped portion 105 of the relevant coupling 
base 77. The coupling base 77 is further provided 
with a circular cylindrical portion 107 which is 
glued in a hole 109 drilled in the lower side 75 of 

45 the support member 35. A first drilled hole 111 and 
a second drilled hole 113 which has a reduced 
diameter compared with the first drilled hole 111 
are provided in the circular cylindrical portion 107 
of the coupling base 77. A circular cylindrical end 

so 115 of a support pin 117, which is present with 
clearance in the first drilled hole 111. is glued in 
the second drilled hole 113. The support pin 117 is 
further provided with two portions of reduced diam- 
eter which each form a so-called elastic hinge 1 1 9, 

55 and with a support face 121. Finally, the coupling 
base 77 is provided with a disc-shaped rubber 
plate 123 which is glued between the disc-shaped 
portion 105 and the circular cylindrical portion 107. 
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As is shown in Figs. 3d and 4b, each pneu- 
matic coupling member 73 is provided with two 
levers 125 which are fastened to a rotation pin 127, 
which pin 127 is joumalled in a block 129 fastened 
to the carrier 67. Each lever 125 is provided with a 
clamping element 133 near a first end 131. and is 
fastened to a piston 137 with sealing ring 139, 
which is displaceable in a cylinder 141, near a 
second end 135. Furthermore, two holes 143 are 
drilled in the upper side 71 of the carrier 67. A 
pretensioned mechanical helical spring 145, which 
bears on a spring holder 147 of one of the levers 
125, is provided in each drilled hole 143. The block 
129 is further provided with three contact faces 149 
(see Fig. 3d). 

In the operational condition shown in Fig. 3a, 
the support face 121 of each coupling base 77 
bears on the three contact faces 1 49 of one of the 
coupling members 73. The two legs 103 of the C- 
shaped clamping plate 101 are below the two 
clamping elements 133 of the coupling member 73 
during this. The clamping elements 133 are 
pressed against the legs 103 of the clamping plate 
101 under spring pressure of the mechanical hel- 
ical springs 145, so that the support face 121 of the 
support pin 117 is securely pressed against the 
three contact faces 149 of the block 127. 

The use of the support pins 117 provides a 
rigid coupling of the unit 65 to the carrier 67 seen 
in the z-direction. In a direction transverse to the z- 
direction, the support pins 117 are elastically defor- 
mable owing to the use of the elastic hinges 119, 
so that differences in thermal expansion between 
the support member 35 and the carrier 67 are 
accommodated by elastic deformation of the sup- 
port pins 117. The use of the disc-shaped rubber 
plates 123 prevents high-frequency vibrations, such 
as, for example, natural vibrations of the frame 7, 
from being transmitted to the support member 35 
via the coupling members 73 and the coupling 
bases 77. The positioning device 37 is mechani- 
cally optimally screened against the said natural 
vibrations of the frame 7 in that the rubber plates 
123 in combination with the rubber plates 63 re- 
ferred to above are used and in that the mass of 
the support member 35 is optimized in relation to 
the mass of the positioning device 37 and the 
mass of the frame 7. 

As was noted above, the unit 65 is rotatabie by 
means of the pneumatic rotation mechanism 87 
from the operational position shown in Fig. 3a to 
the first intermediate position shown in Fig. 3b. The 
rotation mechanism 87 depicted in Figs. 5a to 5c is 
provided with a switch bar 151 which is rotatabie 
about a rotation axle 153 which is parallel to the 
optical main axis 3. The rotation axle 153 is con- 
nected to a block 155 which is fastened on the 
carrier 67 and which is provided with a recess 157 



which extends transverse to the rotation axle 153. 
The switch bar 151 is provided with a longitudinal 
slot 161 near a lower side 159. The rotation mecha- 
nism 87 is further provided with a pneumatic drive 

5 motor 163 which is fastened to a lower side 165 of 
the carrier 67. An output shaft 167 of the drive 
motor 163 which is directed parallel to the rotation 
axle 1 53 is provided with a lateral arm 1 69 near an 
end. A roller member 171 is provided on the lateral 

70 arm 169 eccentrically relative to the output shaft 
167, which roller member 171 is situated substan- 
tially without clearance between side walls 173 and 
175 of the said slot 161. When the lateral arm 169 
is rotated by the pneumatic drive motor 163. the 

T5 switch bar 151 is rotated about the rotation axle 
153. 

As is shown in Fig. 5b. a hole 177 is drilled in 
the block 155 and in the carrier 67, which hole is 
situated coaxially relative to the said rotation axle 

20 153. The rotation pin 91 mentioned above is pro- 
vided in the drilled hole 177, where it can be 
shifted by means of a first pneumatic short-stroke 
cylinder 179. As Figs. 5a and 5c show, a coupling 
mechanism 181 with a block 183 is fastened to the 

25 switch bar 151, the block 183 being provided with a 
recess 185 which extends transverse to the rotation 
axle 153 and with a drilled hole 187. A locking pin 
1 89 can be shifted in the drilled hole 1 87 by means 
of a second pneumatic short-stroke cylinder 191. A 

30 coupling plate 193 shown in Figs. 3a to 3d which is 
fastened to the lower side 75 of the support mem- 
ber 35 and which is provided with a first drilled 
hole 195 and a second drilled hole 197 is situated 
in the said recesses 157 and 185 in the operational 

35 position depicted in Fig. 3a. The first drilled hole 
195, which has a diameter equal to the diameter of 
the drilled hole 177, is thereby coaxial with the 
drilled hole 177, and the second drilled hole 197, 
which has a diameter equal to the diameter of the 

40 drilled hole 187, is coaxial with the drilled hole 187 
(see Figs. 5b and 5c). 

To turn the unit 65 from the operational posi- 
tion to the first intermediate position, the rotation 
pin 91 and the locking pin 189 are passed into the 

45 first drilled hole 195 and the second drilled hole 
197 by means of the first short-stroke cylinder 179 
and the second short-stroke cylinder 191, respec- 
tively, so that the unit 65 is coupled to the switch 
bar 151 through the coupling plate 193. Then the 

so unit 65 is uncoupled from the carrier 67 through 
the supply of compressed air to the cylinders 141 
of the coupling members 73. Simultaneously three 
static gas bearings 199 fastened to the lower side 
75 of the support memb r 35 ar put into opera- 

55 tion, after which the unit 65 is rotated about the 
rotation pin 91 by means of the rotation mechanism 
87. The unit 65 is guided over the upper side 71 of 
the carrier 67 substantially wiftiout friction thanks to 
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the use of the static gas bearings 199 during this. 

As is diagrammatically shown in Figs. 3a to 3d, 
a coupling mechanism 201 is fastened to the upper 
side 71 of the carrier 67. The coupling mechanism 
201 is of a similar kind to the coupling mechanism 
181 of the switch bar 151 and is not shown in any 
further detail in Figs. 3a to 3d. A further coupling 
plate 203 with a drilled hole 205 is also fastened to 
the lower side 75 of the support member 35. After 
the unit 65 has been returned from the first inter- 
mediate position to the operational position, the 
unit 65 is brought into an accurate position relative 
to the carrier 67 by means of the coupling mecha- 
nism 201 in that a locking pin (not shown in the 
Figures) of the coupling mechanism 201 is passed 
into the drilled hole 205 of the coupling plate 203. 
After that, the static gas bearings 199 are switched 
off and the unit 65 is coupled to the carrier 67 by 
means of the coupling members 73 through the 
discharge of the compressed air from the cylinders 
141. Finally, the coupling plate 203 is disengaged 
from the coupling mechanism 201 and the rotation 
pin 91 and the locking pin 189 are removed from 
the first drilled hole 195 and the second drilled hole 
197 of the coupling plate 193 by the first short- 
stroke cylinder 179 and the second short-stroke 
cylinder 191, respectively. 

In the first intermediate position depicted in 
Fig. 3b, the support member 35 rests with the 
lower side 75 on a support plate 207 of the second 
rotation arm 97 of the swivel mechanism 89. The 
support plate 207 extends alongside the second 
rotation arm 97 and is situated in a plane trans- 
verse to the optical main axis 3. The support mem- 
ber 35 further rests on a support wheel 209 in the 
first intermediate position, which support wheel is 
rotatably fastened to an end 21 1 of the first rotation 
arm 93 of the swivel mechanism 89. To support the 
support member 35 in the first intermediate posi- 
tion, furthermore, the static gas bearings 199 are 
operational. 

As is shown in Fig. 8, a recess 213 is provided 
in the support plate 207. In the first intermediate 
position, a locking pawl 215 fastened to the lower 
side 75 of the support member 35 and shown in 
Figs. 3a to 3d is situated in the recess 213. The 
second rotation arm 97 is provided with a locking 
mechanism 217 with a hook 219 which is drawn 
around the locking pawl 215 by means of a pneu- 
matic cylinder 221 in the first intermediate position. 
The unit 65 is thus coupled to the second rotation 
arm 97 of the swivel mechanism 89. The unit 65 is 
uncoupled from the rotation mechanism 87 after 
that in that the rotation pin 91 and the locking pin 
189 are removed from the first and the second 
drilled hole 195, 197 of th coupling plate 193 by 
means of the first and the second short-stroke 
cylinder 179, 191, respectively. 



As Figs. 6, 7 and 8 show, the first rotation arm 
93 is provided with a first hinge housing 223 having 
a drilled hole 225. The first rotation arm 93 can 
rotate about the first hinge pin 95 referred to above 

5 and fastened to the base portion 27 by means of 
the first hinge housing 223. The second rotation 
arm 97 is provided with a second hinge housing 
227 having a drilled hole 229. The second rotation 
arm 97 can rotate about the second hinge pin 99 

10 fastened to two horizontal plates 230 of the first 
hinge housing 223 by means of the second hinge 
housing 227. The first rotation arm 93 is further 
provided with a slide arm 231 with slots 233. The 
slide arm 231 can slide along bolts 235 which ar 

75 screwed through the slots 233 into the first rotation 
arm 93. The slide arm 231 is provided with a 
coupling pin 239 near a first end 237. The coupling 
pin 239 is in engagement with a recess 241 of a 
coupling plate 243 which is fastened to the second 

20 hinge housing 227. The assembly of the coupling 
pin 239 and the coupling plate 243 ensures that the 
slide arm 231 is shifted along the bolts 235 when 
the second rotation arm 97 is rotated about the 
second hinge pin 99. 

25 As is shown in detail in Figs. 7 and 9a, the 

slide arm 231 is provided with a first recess 247 
near a second end 245. Furthermore, a tilting lever 
249 with handle 251 is fastened to the end 211 of 
the first rotation arm 93. The tilting lever 249 is 

30 rotatable about a bolt 253 which is screwed into the 
end 211 of the first rotation arm 93 and which is 
provided with a locking pawl 255. in the first inter- 
mediate position of the unit 65, the slide arm 231 is 
in a position as shown in Fig. 7, whereby th 

35 locking pawl 255 of the tilting lever 249 is held in 
the first recess 247 of the slide arm 231 by means 
of a mechanical spring 257. In this way the second 
rotation arm 97 is locked relative to the first rotation 
arm 93 in the operational position, during rotation 

40 of the unit 65 from the operational position to the 
first intermediate position, and in the first intermedi- 
ate position. 

As is shown in detail in Figs. 7 and 9b, the end 
21 1 of the first rotation arm 93 is provided with a 

45 locking bolt 259 which can rotate in a drilled hole 
261 provided in the end 21 1 . As Fig. 9b shows, the 
locking bolt 259 is provided with a C-shaped end 
263 having a circular outer wall 265 which is guid- 
ed along a circular inner wall 267 of the drilled hole 

50 261, and having a circular inner wail 269 which is 
provided eccentrically relative to the outer wall 265. 
In the first intermediate position of the unit 65, the 
C-shaped end 263 of the locking bolt 259 is in 
engagement with a locking pawl 271 which is fas- 

55 tened to the base portion 27 of the frame 7 and 
which is shown diagrammatically in Fig. 9b. Rota- 
tion of the locking bolt 259 is prevented during this 
by a fixed locking pin 273 which is fastened to the 
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end 211 of the first rotation arm 93 and by a 
locking block 275 which is fastened to the second 
nd 245 of the slide arm 231 and which is in a 
position as shown in Fig. 7 in the first intermediate 
position of the unit 65. In this way the first rotation 
arm 93 is locked relative to the frame 7 in the 
operational position, during rotation of the unit 65 
from the operational position to the first intermedi- 
ate position, and in the first intermediate position. 

To turn the unit 65 from the first intermediate 
position to the second intermediate position, the 
tilting lever 249 is rotated by hand about the bolt 
253 against the spring pressure of the mechanical 
spring 257, so that the locking pawl 255 of the 
tilting lever 249 is released from the first recess 
247 of the slide arm 231 and the second rotation 
arm 97 is unlocked relative to the first rotation arm 
93. The second rotation arm 97 is then turned by 
hand about the second hinge pin 99, during which 
the lower side 75 of the support member 35 is 
guided over the support wheel 209. During rotation 
of the unit 65 from the first intermediate position to 
the second intermediate position, the static gas 
bearings 199 remain operational, so that a stable 
support is provided for the unit 65. When the 
second intermediate position is reached, the slide 
arm 231 is shifted so far that the locking pawl 255 
of the tilting lever 249 is pulled into a second 
recess 277 of the slide arm 231 under the influ- 
ence of the mechanical spring 257. Thus the sec- 
ond rotation arm 97 is locked relative to the first 
rotation arm 93 in the second intermediate position. 
In this second intermediate position, the static gas 
bearings 199 are switched off since the unit 65 is 
supported in a stable manner in this intermediate 
position by the support plate 207 of the second 
rotation arm 97 and by the support wheel 209 of 
the first rotation arm 93. When the static gas bear- 
ings 199 are switched off, a safety pawl 279 shown 
in Figs. 7 and 9c is automatically slid into a recess 
283 of the tilting lever 249 by means of a further 
pneumatic short-stroke cylinder 281 fastened to the 
end 21 1 of the first rotation arm 93. The use of the 
safety pawl 279 prevents the locking pawl 255 of 
the tilting lever 249 from being removed from the 
second recess 279 and prevents the unit 65 from 
being returned to the first intermediate position 
when the static gas bearings 199 are not operating. 

In the second intermediate position of the unit 
65 shown in Fig. 3c, the slide arm 231 is shifted so 
far that the locking block 275 of the slide arm 231 
shown in Figs. 7 and 9b just clears the C-shaped 
end 263 of the locking bolt 259 and the locking bolt 
259 is rotatabie. When the locking bolt 259 is 
rotated through an angle of substantially 180* , the 
locking pawl 271 fastened to the base portion 27 is 
released and the first rotation arm 93 is unlocked 
relativ to the frame 7. The first rotation arm 93 is 



now rotatabie by hand about the first hinge pin 95 
from the second intermediate position to the end 
position shown in Fig. 3d. 

As is shown in Figs. 7 and 9c, a safety lev r 

5 285 is provided near the end 211 of the first 
rotation arm 93, which safety lever is rotatabie 
about a rotation pin 287 and is provided with a stop 
289. A further mechanical spring 295 is provided 
with pre-tension in a recess 291 of the safety lever 

to 285 and a recess 293 of the end 211 of the first 
rotation arm 93. When the first rotation arm 93 is 
locked relative to the base portion 27 in the second 
intermediate position of the unit 65, the safety lever 
285 is held in a position shown in Fig. 9c against 

rs the spring pressure of the mechanical spring 295 
since the stop 289 of the safety lever 285 bears on 
the base portion 27. The tilting lever 249 is rotat- 
abie in this position of the safety lever 285. When 
the first rotation arm 93 has been turned away from 

20 the base portion 27, the safety lever 285 is turn d 
to against the shaft portion 297 of the locking bolt 
259, which portion has a reduced diameter com- 
pared with the drilled hole 261 , under the influence 
of the mechanical spring 295. In this position of the 

25 safety lever 285. the tilting lever 249 when rotated 
is checked by the safety lever 285, so that th 
second rotation arm 97 cannot be unlocked relative 
to the first lever. 

It is noted that instead of the plate-shap d 

30 carrier 67, alternative carriers may be used, such 
as, for example, a frame carrier. It is also possible 
to use. instead of the carrier 67, a construction in 
which the support member 35 is provided with a 
number of fastening members by which the sup- 

35 port member 35 is fastened to the suspension 
elements 79, 81, 83. The use of a plate-shaped 
carrier 67, however, provides a number of con- 
structional advantages such as, for example, the 
use of the rotation mechanism 87 with the static 

40 gas bearings 199. 

It is further noted that, instead of the plate- 
shaped suspension elements 79, 81 . 83, alternative 
suspension elements, such as. for example, rod- 
shaped suspension elements, or a different number 

45 of suspension elements, may be used. The use of 
the three plate-shaped suspension elements 79. 
81, 83. however, as described above, provides a 
particularly rigid and compact suspension of the 
carrier 67 from the lower side 85 of the mounting 

so member 5. It is further noted that the carrier 67 
may also be suspended from an upper side of the 
mounting member 5, for example, by means of a 
brace or a bracket construction. It is essential in 
this connection, however, that the carrier 67 with 

55 the unit 65 should be positioned between the lower 
frame supports 25, so that a particularly compact 
construction of the optical lithographic device in the 
z-direction is obtained. 
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It is further noted that the use of the rubber 
plates 63 between the positioning device 37 and 
the support member 35 and of the rubber plates 
123 between the support member 35 and the car- 
rier 67 achieves in a constructional^ particularly 
simple manner that the positioning device 37 is 
screened from mechanical vibrations of the frame 
7. Instead of the rubber plates 63 and the rubber 
plates 123, alternative spring members or combina- 
tions of a spring member and a damping member 
may also be used, so that a greater bandwidth may 
be achieved. In general, however, this leads to a 
more intricate construction of the said unit 65. 

It is further noted that, especially in the case of 
a compact construction of the frame 7 with lower 
frame supports 25 and suspension elements 79, 
81 , 83 arranged in a triangle, a displacement of the 
unit 65 to outside the frame 7 is rendered possible 
by the use of the rotation mechanism 87 in con- 
junction with the swivel mechanism 89, the unit 65 
being rotatable by three consecutive rotation move- 
m nts from the operational position to the end 
position. A displacement mechanism by means of 
which only the positioning device or a unit formed 
by the positioning device and the support member 
can be moved relative to the frame can be applied 
also in other lithographic devices, in which the 
frame has a less compact construction or more 
than three lower frame supports 25, or in which the 
support member forms a base part of the frame. It 
is also possible then to use a translation movement 
of the positioning device or of the unit instead of 
one or several rotation movements. When a trans- 
lation movement is used, the displacement mecha- 
nism may be provided, for example, with one or 
several straight guide rails, the support member 
b ing fitted with roller members. 

It is further noted that instead of the rotation 
mechanism 87 a rotation mechanism of simpler 
construction may be used, the unit 65 being man- 
ually turned from the operational position to the 
first intermediate position. The use of the rotation 
mechanism 87, however, whereby the unit 65 is 
rotated by means of a drive motor 163, and of the 
coupling mechanism 201 renders a more accurate 
positioning of the unit 65 in the operational position 
possible. 

Finally, it is noted that the optical lithographic 
device described above is eminently suitable for 
illuminating semiconductor substrates in the manu- 
facture of integrated lectronic circuits. Such a 
lithographic device, however, is also applicable in 
the manufacture of other products having struc- 
tures with detail dimensions in the micron or sub- 
micron range, where mask patterns have to be 
imaged on a substrate by means of the device. 
Possibilities here are structures of integrated op- 
tical systems, or conductor and detection patterns 



of magnetic domain memories, and structures of 
liquid crystal imaging patterns. 

Claims 

5 

1. A lithographic device comprising a lithographic 
irradiation system which has a vertical main 
axis parallel to a z-direction and is fastened 
near a lower side to a mounting member be- 

10 longing to a frame of the device, and compris- 

ing a positioning device which is arranged be- 
low the irradiation system and by means of 
which an object table is displaceable relative to 
the irradiation system over a guide surface of a 

75 support member coupled to the positioning 

device, which guide surface extends perpen- 
dicular to the z-direction. characterized in that 
the positioning device and the support member 
are positioned as a unit on a carrier which is 

20 suspended from the mounting member. 

2. A lithographic device as claimed in Claim 1, 
characterized in that the support member is 
coupled to the carrier by means of a first 

25 elastic coupling member and a first damping 

member, while the positioning device is fas- 
tened to the support member by means of a 
second elastic coupling member and a second 
damping member. 

30 

3. A lithographic device as claimed in Claim 1 or 
2, characterized in that the carrier of the sup- 
port member and of the positioning device is 
suspended from the mounting member by 

35 means of plate-shaped suspension elements, 

each of the said suspension elements extend- 
ing in a vertical plane which is parallel to the 
main axis. 

40 4. A lithographic device as claimed in Claim 3, 
characterized in that the carrier is suspended 
from the mounting member by means of three 
plate-shaped suspension elements, the mount- 
ing member being fastened on a base of the 

45 frame by means of three lower frame supports, 

while the suspension elements are arranged in 
a triangle and the said vertical planes enclose 
mutual angles of substantially 60 * , each of the 
lower frame supports being positioned near an 

so external side of one of the suspension ele- 

ments seen in a radial direction relative to the 
main axis. 

5. A lithographic device as claimed in any one of 
55 the preceding Claims, characterized in that the 

unit formed by the support member and the 
positioning device is displaceable in a direction 
transverse to the main axis ' relative to the car- 
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rier and the mounting member. 

6. A lithographic device as claimed in any one of 
the preceding Claims, characterized in that the 

unit formed by the support member and the 5 
positioning device is rotatable relative to the 
carrier and the mounting member about an 
axis of rotation which is directed substantially 
parallel to the main axis. 

TO 

7. A lithographic device as claimed in Claim 6, 
characterized in that the unit is rotatable by a 
first rotation movement from an operational 
position, in which the support member is coup- 
led to the carrier, to a first intermediate posi- is 
tion, is rotatable by a second rotation move- 
ment from the first intermediate position to a 
second intermediate position, and is rotatable 

by a third rotation movement from the second 
intermediate position to an end position in 20 
which the unit is entirely outside the frame. 

8. A lithographic device as claimed in Claim 7, 
characterized in that during the first rotation 
movement of the unit the support member is 2$ 
coupled to a rotation shaft connected to the 
frame and is guided over an upper surface of 

the carrier by means of a static fluid bearing. 

9. A lithographic device as claimed in Claim 7 or 30 
8. characterized in that in the first intermediate 
position of the unit the support member is 
couplable to a second rotation arm which is 
rotatably supported on a first rotation arm 
rotatably mounted to the frame, the second 35 
rotation arm being locked relative to the first 
rotation arm and the first rotation arm being 
locked relative to the frame during the first 
rotation movement of the unit, in that the sec- 
ond rotation movement of the unit is formed by 40 
a rotation movement of the second rotation 

arm relative to the first rotation arm, during 
which the support member is coupled to the 
second rotation arm and the first rotation arm 
is locked relative to the frame, in that the 45 
second rotation arm can be locked relative to 
the first rotation arm in the second intermedi- 
ate position of the unit, and in that the third 
rotation movement of the unit is formed by a 
rotation movement of the first rotation arm rela- 50 
tive to the frame, during which the support 
member is coupled to the second rotation arm 
and the second rotation arm is locked relative 
to the first rotation arm. 
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